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Polyolefins are important synthetic polymers widely used in our daily life, and it has been 
recognized that olefin coordination polymerization is the key technology in chemical industry. 
In the typical polymerization process, transition metal complexes are activated by certain 
‘cocatalysts’ to form the catalytically active species in situ,1 and Al reagents such as Al alkyls, 
methylaluminoxane (MAO) are commonly used to generate hetero-bimetallic complexes or 
counter anions which play an important role in this catalysis.1b Ti(OiPr)[(O-2,4-R2C6H2- 
6-CH2)3N] (R = Me, tBu) and Ti(OR’)[(O-2,4-Me2C6H2-6-CH2)3N] (R’ = alkoxo, aryloxo) were 
known to be effective as catalyst precursors for ethylene polymerization in the presence of 
MAO,2-4 and the activities increased at high temperature1,3 and/or upon addition of small 
amount of AlMe3.4 Hetero bimetallic Ti-Al complexes polymerized ethylene affording high 
molecular weight polymers with unimodal distributions,2 suggesting a hypothesis that cationic 
species generated by cleavage of the Ti-O bonds play an important role. Since research on 
newly designed catalyst that does not require (or minimizes) Al cocatalyst(s) attracts 
considerable attention from academic and practical viewpoints, in this thesis, (i) synthesis of Ti 
and hetero bimetallic Ti-Al complexes having tris(aryloxo)amine ligands, and their possibilities 
as the catalysts for ethylene polymerization including factors affecting the activities and 
formation of the bimetallic complex,5 (ii) synthesis of hetero bimetallic Zr-Al complexes by 




Results and Discussion 
1. Synthesis of titanium complexes containing tris(aryloxo)amine ligands, and reaction 
with Al alkyls. 
A series of TiX[(O-2,4-R2C6H2-6-CH2)3N] [R = Me (1), tBu (2); X = OiPr (a), OtBu (b), Cl 
(c), OCH(CF3)2 (e), OC(CF3)3 (f)] were prepared according to a modified procedure from the 
published method,3,7 and these complexes were identified by NMR spectra and elemental 
analysis. Hetero bimetallic Ti-Al complexes, [TiMe{(O-2,4-R2C6H2-6-CH2)2(μ2-O-2,4-R2C6H2- 
6-CH2)N}][Me2Al(μ2-X)] [X= OiPr, R = Me (BM1), tBu (BM2); R = Me, X = OtBu (BM3), 
OCH(CF3)2 (BM4), OC(CF3)3 (BM5)], were prepared by reaction of TiX[(O-2,4-R2-C6H2-6- 
CH2)3N] with 1.0 equiv of AlMe3 in toluene, and these complexes were identified by 1H, 13C 
NMR spectra, and elemental analysis; structures of BM1-4 could be determined by X-ray 
crystallography. In contrast, TiEt[(O-2,4-tBu2-C6H2-6-CH2)3N] was formed from 1a by treating 
with AlEt3, and the chloro analogues TiCl[(O-2,4-R2-C6H2-6-CH2)3N] (1c,2c) were prepared 
from 1,2a by reacting with Me2AlCl; the methyl analogue TiMe[(O-2,4-tBu2-C6H2-6-CH2)3N] 
(2g) was isolated from a reaction mixture of BM2 and phenylacetylene. However, the reaction 
of 2e with AlMe3 recovered 2e and reaction of 2a with (CF3)3COH did not take place; these 
would be due to a steric bulk of tBu group on the aryloxide ligand. 
 
2. Factors affecting catalytic activities and formation of hetero-bimetallic complexes in 
ethylene polymerization. 
Ethylene polymerizations by 1,2a-f, BM1-5 were conducted in n-octane (ethylene 8 atm, 100 
ºC, 60 min) in the presence/absence of MAO. A good relationship between improvement in the 
activity by titanatranes (1,2) upon addition of AlMe3 and formation of hetero bimetallic Ti-Al 
complexes. As assumed previously, this is due to that the bimetallic complex formed in situ play 
a role in this catalysis. Slightly improvement in the activity was observed when the complexes 
affording the methyl analogues were employed as the catalyst precursors. The results assume a 
hypothesis that the formed bimetallic complexes might not be stable affording the methyl 
complexes. Moreover, no significant differences upon addition of AlMe3 were observed, when 
complexes which did not react with AlMe3 were employed as the catalyst precursors (2b,e). On 
the basis of crystallographic analysis data and study concerning stability of the bimetallic 
complexes, we assume that there are two pathways for cleavage of Ti-O bonds in this catalysis: 
(i) formation of the active species or (ii) dissociation of Al complex leading to decomposition.   
Effect of solvent and Al cocatalysts in ethylene polymerizations by [TiMe{(O-2,4-tBu2- 
C6H2-6-CH2)2(μ2-O-2,4-tBu2C6H2-6-CH2)N}][Me2Al(μ2-OiPr)] (BM2) were explored in the 
presence of MAO. The activity increased in order: chlorobenzene > n-octane > 1,2- 
dichlorobenzene ˃ toluene. The activity was observed even in the presence of Al(n-C6H13)3, 
 
 
Al(n-C8H17)3, suggesting that the bimetallic complex play a role in this catalysis. 
Ethylene polymerizations by {TiX[(O-2,4-Me2C6H2-6-CH2)2(µ2-OCH2-CH2)N]}2, TiX[(O- 
2,4-tBu2C6H2-6-CH2)2(µ2-OCH2-CH2)N] [3,4; X = OiPr (a), OtBu (b)]5 were conducted in 
n-octane in the presence of MAO. Effects of R substituent (monomeric vs dimeric) and alkoxide 
(OiPr vs OtBu), and AlMe3 were explored; the activities were improved upon addition of small 
amount of AlMe3 in all cases but decreased further addition.  
 
3. Reaction of Zr(OiPr)[(O-2,4-tBu2C6H2-6-CH2)3N] (5) with various types of aluminum alkyls. 
Recently, hetero bimetallic Zr-Al complexes containing tris(aryloxo)amine ligands were 
reported8. Ethylene polymerization results indicate a benefit of bimetallic complex in terms of 
molecular weight distribution of resulting polymer. In this work, reaction of 5 with Al alkyls 
were explored. The preliminary results showed an evidence of the formation of hetero bimetallic 
complexes in all cases. Structure of ZrCl{(O-2,4-tBu2C6H2-6-CH2)2(μ2-O-2,4- 
Me2C6H2-6-CH2)N}][Me2Al(μ2-OiPr)] (BM7) and ZriBu{(O-2,4-tBu2C6H2-6-CH2)2(μ2-O-2,4- 
Me2C6H2-6-CH2)N}][iBu2Al(μ2-OiPr)] (BM8) can be determined by X-ray crystallography. 
Study in ethylene polymerization was also conducted in the presence of MAO.. 
 
Conclusion 
Through these studies, we explored various type of factors that effecting catalytic activity of 
titanium complexes such as solvent, cocatalyst and AlMe3. Varying terminal ligand and 
substituent of chelating ligand reveal an effect of steric bulky on the formation and stability of 
hetero bimetallic complex which play an important role toward activity on ethylene 
polymerization. Explorations also expand to zirconium complex with the same analogue. We 
trust that these results should be important in further catalyst design for efficient clean catalytic, 




(1) For example, (a) Kaminsky, W.; Arndt, M. Adv. Polym. Sci. 1997, 127, 143. (b) Delferro, M.; 
Marks, T. J. Chem. Rev. 2011, 111, 2450.  
(2) Wang, W.; Fujiki, M.; Nomura, K. Macromol. Rapid Commun. 2004, 25, 504. 
(3) Gurubasavaraj, P. M.; Nomura, K. Organometallics 2010, 29, 3500. 
(4) Takii, Y.; Gurubasavaraj, P. M.; Katao, S.;  Nomura, K. Organometallics 2012, 31, 8237. 
(5) Nomura, K.; Tewasekson, U.; Takii, Y. submitted for publication. 
(6) Tewasekson, U.; Nomura, K. submitted for publication. 
(7) Padmanabhan, S.; Katao, S.; Nomura, K. Organometallics 2007, 26, 1616. 
 
 
(8) Takii, Y.; Inagaki, A.; Nomura, K. Dalton Trans. 2013, 42, 11632. 
 
